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B y  Joseph L. Johnson . 

An investigatfon has  been made to determine the damping in yaw and 
static  directional  stabil i ty  characterfstics  for E flat-fuselage model 
having its major cross-gectional axie either  horizontal o r  vertical, f o r  
a flat-fuselage model having its major axis  horizontal  in  conhination 
with a 45O meptback wing, and f o r  a canard model having a triangular 
horizontal  control sur face  and a 45O sweptback wing. 

The results of the investigation showed that, at high angles of 
attack,  the canard model and the  flat-fuselage models w i t h  major axis 
horizontal had negative damping i n  yaw and posit ive  static  directional 
s t ab i l i t y  w i t h  t a i l s  off  because of a sidewash w h i c h  effectively  reversed 
the angle of sideslip over the Fuselage. This sidewash caueed the direc- 
tional stability  contributed  by a ver t ical  tail on the fuselage to be 
reduced, but it reinforced the ping flow at the rear of the  fuselage 
so that  the dampfng in yaw contributed  by  this  vertical tail w a s  increased.. 
For the flat f’uselage with major axis vertical, the wing i n  yau was 
positive and the static  directional  stabilitywas  negative over the angle- 
of-attack range, and a vertical  t a i l  at the  rear of  this fuselage  contrib- 
uted a stabil izing Wcrement t o  both the s t a t i c  and  damping derivatives. 
Wing-tip tails located out of the sidewash f ie ld  generally increased both 
the damping . in y m  and static  directional  stabil i ty.  

Several  investigations have recently been made to detemine the 
static s t ab i l i t y  of canard airplane models and of several models havrlng 
f i sdages  of relatively flat cross aectivn  (references 1 t o  3 ) .  These 
investigations  shared that at the hfgher  angles of attack sidewash f r o m  
the horizontal  control  surface of the canard models o r  from the nose of 
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the  flat-fuselage models with major axis horizontal caused an effective 
reversal in the direction of sideslip of the fuselage w h i c h  resulted in 
the models having large  pos3tive  values of direct ional   s tabi l i ty  with 
ver t i ca l   t a i l  off. A preliminary analysis  indicated that the sidewash 
over the  fuselage  occurring a t  high angles of  attack w o u l d  probably also 
have an effect  on the damping in  yaw of  these models. Free-oscillation 
tests were therefore made to determine the  values of Cnr, the rate of  ~ 

change of yawing-moment coefficient w i t h  y a w i n g  angtilar velocity, for  a 
flat-fuselage model with major axis ver t ical  and also with major axis 
horizontal  (identical t o  models of  reference l), for a flat-fuselage 
model w i t h  major axis horizontal in combination w i t h  a 45' aweptback  wing, 
and fo r  a -  c821a3d  model ,having a triangular horizontal control  surface 

, and 45' sweptback w l n g .  The effect of  a vertical  t a i l  located  at  the 
rear of  the  fuselage was determined for each model investigated. Teats 
were also mad? t o  determine the  s ta t ic   direct ional   s tabi l i ty  of  some of  
the  configurations  studied in the denping tests. 

SYMBOLS rn C O r n I C I E N T S  

All forces and moments are referred t o  the s t ab i l i t y  a x e B  originating 
a t  the  center of gravity of each model. (See f igs  . 1 and 2.) 

S wing area,  square feet  

b wing span, fee t  

R Reynolds number 

P density of air, slugs per cubic foot 

a angle of attack of fuselage center l ine,  degrees 

v airspeed,  feet  per second 

* angle of yaw, degrees 

B a n h e  of sideslip, degrees . ". .. 

r y a w i n g  angular velocity, radians per second 

CL l i f t  coefficient (g) 
lateral   force  coefficient 

I. 

t 



c% ra te  of change of yawing-moment 
sideslip (aC&p) 

'nr rate of  change of yawing-moment 
anguLar velocity 

coefficient  with  angle of 

coefficient  vfth yawing 

3 

The free-osc-tion tests were conducted ~n the Langley free-flight 
tunnel on a stand which permitted the model t o  have freedom fn yaw only. 
A description of the test apparatus is e v e n  in reference 4. Force tes ts  
t o  determine the directional  stability of the models were made on the 
six-component balance in  the Langley free-flight tunnel. (See refer- 
-qce 5.) 

Three-view d r a w i n g s  of the models are presented in  figure 2 and a 
l i s t  of the dimensional characteristics of the models ie given in table I. 

Free-oscillation tests were made by the methoa' described in  refer- 
ence 4 to determfne the values of the damping-in-yaw derivative Cnr 
over an angle-of-attack range with  vertical t a i l 8  off and on f o r  each 
model. A l l  the damping tests w e r e  run a$ a dynamic pressure of 1.2 pounds 
per square foot which corresponds to an airspeed of approximately 31.2 feet 
per second a t  standard sea-level  conditions and t o  an effective Eeynolds 
number range of 17L,ooO to 275,000 based on the mean aerodynamic chords 
of the models investigated. 

Force t e s t s  w e r e  made t o  obtain the directional s t ab i l i t y  mat- 
t e r i s t ics  of the same configurations tested by the free-oscillation 
method. The a ta t ic - la te r~-s tab i l i ty   .da ta  presented herein v z r e  obtained 
by determining  the  difference between moments measured at 5" and -5O yaw 
over an angle-of-attack range. In order to determine how well  these 3.a- 
represented the variation of the directional stability at higher angles 
of yaw, the  lateral  derivatives were also determfned for a few conditione 
f r o m  tests made over an asgle-0f-p range from 2 0 ~  to -20' at constant 
angle-of-attack sett ings.  All force  tests were made within a aynamic- 
pressure range from 2.0 to 4.1 porn& per square foot whkh  corresponded 
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t o  in effective Reynolds nllDiber range from 38,500 to  443,000 based on 
the mean aerodynamic chord of the models investigated. 

A l l  models  were tested with and without  a ve r t i ca l   t a i l  located at 
the rear of  the  fuselage. Models 3 and 4 were tested  with and without 
t i p   t a i l s  and  model 3 was tested with  leading-edge flaps off and on. . - .  .. . . .  .-  " " 

Streamers of string were attached to  model 2 t o  determine the direc- 
tion of t h e . f l a r  around the model at  high angles of attack  while the 
model  was oscillating in y a w .  A study of the flow around this model f o r  
a  sFdeslip  condition was  made i n  a  previous  investigation. (See refer- 
ence 1. ) 

The results of  the  investigation  are  presented i n  terms of the 
directional-stability parameter C q  and the wing-in-yaw param- 

eter -Cn,. Since Cnp indicates  positive  directional  stability and 

-Cnr indicates  positive damping, a l l  the  results appearing above the 
origins in the figures represent  either  positive  static  stability o r  
positive damping in yaw. The data  for the flat-fuselage models  (model6 1 
and 2) are based on an arbitrari ly chosen w i n g  having a span of 3.5 fee t  
and an area of 2.98 square feet (fig. l ( a ) ) .  

- . .  

The values of Cap presented Fn the report were, in  most cases, 
determined from test data  obtdned a t  5O and -5' yaw.  The values of Cnr 
were determined from yawing oscillations whose amglitudes ranged frop! 20° 
t o  Oo. The results of some s ta t ic  tests over the yaw range on these 
models (data  not  presented),  together  with  the results of references I 
t o  3, indicate  that  the results obtained at 5O and -5O yaw apply LQ t o  
yaw angles 88 high .as 20' except i n  the  case i n  which 8 ver t ica l   t a i l  is 
located on the fuselage. For this case of the vertical tail on the fuse- 
lage  the  data presented herein were obtained from tests made over the yaw 
range, and values of C q  .and Cnr are presented for  both the low and 
high angles-of-yaw ranges. The results  designated "low $ 's t '  in  the 
figures  apply t o  angles of yaw o r  amplitudes of the  oscillation up to  
approximately so and the results designated "high $ 'S I ' '  apply t o  angles 
of y a w  or amplitudes of the oscillation between approximately loo and 20°. 

The data of  the  present  investigation  as well as those of refer- 
ences 1 t o  3, were obtained at low scale (R = 1'11,000 t o  483,000), but  a 
comparison of these h t a  with the  higher s c d e  data  obtained a t  the Amee 
Aeronautical  L8boratory  (not  generally  available) ( R  = 3,700,000, M = 1.4) 
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* .  indicate  that  the  results of  these low-scale investfgations are similar 
t o  results obtained a t  higher Reynolds  numbere  and Mach numbers. 

Flat-Fuselage Models 

(Models 1 and 2) 

Results of  Cnp and Cnr tests.- The results of t es t s  of  the  f lat-  
f'welage models w i t h  major axis vertical and mador axis horizontal are 
presented i n  figure 3. The static- directional-stability data for these' 
moaels were obtained from reference 1. For convenience in  presentation, 
models I and 2 of this  report have  been given opposite designations from 
those of reference 1. 

c 

Th-e model w i t h  major a s  vertical (model I) was directionally 
unstable a t  low angles of attack and became increasingly  unstable  as  the 
angle of attack  increased. The  damging in  yaw for this particular model 
was positive (-Cnr) over the  angle-of-attack range and increased w i t h  
increasing  angle of attack. With the major axis  horizontal (model 2), 
the model w a s  sligh%ly  directionally  unstable a t  low angles of attack 
but became directionally  stable as the angle of  attack w a s  increased. 
The  danrping In yaw for this configuration was negative wer most of the 
angle-of-attack range and the model. became m're unstable  with  increasing 
angle of attack. 

When a vertical  tail was placed at the rear of the  fuselage  with 
major axis vertical,  the  contribution t o  the s ta t ic   s tab i l i ty  and damping 
in yaw was s tab i l iz ing  a t  angles of attack of both Oo and 320. For the 
fuselage w i t h  the major axis horizontal.,  the  vertical t a i l  gave a stabi- 
l izing increment t o  the   s ta t ic   s tab i l i ty   a t  Oo angle of  attack. A t  an 
angle of attack of 3z0, however, the sidewash on the fuselage caused the 
ver t ica l   t a i l  t o  be statically  destabil izing  at  s m a l l  angles of ;yaw. At 
the  higher p w  angles  the tail was out of the strongest  portion of .Vie 
sidewash f ie ld  and therefore  acted in a normal, manner, th8t is, t o  give 
a stabilizing increment t o  the directional stabil i ty.  The tail contri- 
bution to the w i n g   i n  ;yau w a s  stabilizing  for this  model a t  angles of 
attack of  both Oo and 32O. At 32' angle of attack, however, the  side- 
wash at the t a i l  apparently  reinforced the y a w i n g  flow so that  the 
damping of the -tail was much greater than a t  0' angle of attack. A t  32O 
angle of attack,  the damping of  the tail w a s  s l i g h t l y   m a t e r   a t  low 
angles of w w  than a t  the high angles of yaw because the t a i l  was 
par t ia l ly  out of the sidewash field a t  the higher y a ~  angles. 

Results of flaw sumeytests.- The results sham in figure 3 can be 
explained  by  the  diagram of figure 4, i n  which the  representative flow 
and forces  acting on these models a t  an angle of attack of  32' are sham 
in both the s t a t i c  and dynamic conditions. Consider f i r s t   the  fuselage 



w i t h  major axis vertical  in a positive sideslip (ffg. 4( a) ) . The flow 
over the body caused a side  force t o  the lef t  and, since  the  center of 
gravity was rearward to,correspond t o  8 canard o r  tailless-type  airplane, 
th i s  side force produced a negative yawing mment  and a s ta t ica l ly  
unstable  condition (-Cq). The flow over the  vertical tail st the rear 
of this  fuselage caused a eide  force t o  the lef t  which produced a poei- 
t ive  y a w i n g  moment about the  center of gra-ty, and therefore a stabi- 
l i z i n g  increment t o  the directional  stabil i ty + C q  . 0 

When the  fuselage  with major a x i s  horizontal w a s  In a positive  side- 
s l ip   ( f ig .  4(b)),  t he   f l a t  nose caused a reversal  in the direction of 
flow over the complete length of  the  fuselage. T h i s  sidewash produced 
89 effective reversal in  sideslip which resulted i n  a side  force t o  the 
right, even though the model was in  a positive  sideslip.  This side force 
gave 8 positive yawing  moment about the center of  gravity, and hence posi- 
t ive  direct ional   s tabi l i ty  +Cns . The sidewash acted on the  vertical ta i l  
t o  give a side  force t o  the  right, which produced a negative increment of 
direct ional   s tabi l i ty  -Cnp . A t  the higher angles of y a w ,  the  vertical  
tail moved partly  out of the sidewash f ie ld  and acted In a more normal man- 
ner  to  give a positive increment of s ta t ic   s tab i l i ty .  

0 
0 

Presented in figures 4( c) and 4( d) are diagrams showing the two 
models in  positive yawing flow. For  the  fuselage with inajor axis vertical  
(fig.  4(c))  the  positive yawing velocity caused a side  force to  the left 
that produced 8. negative w i n g  m o m e n t  about the center of gravity.  Since 
this yawing  moment w a s  in  a direction t o  oppose the yawing motion, the 
model  had poeitive damping (-Cnr). The flov at the rear of the fuselage 
acted on the ve r t i ca l   t a i l  t o  give a side  force t o  the right that  pm- 
duced a negative yawing  moment and therefore  positive damping. 

When the fuselage with m J o r  axis  horizontal  (fig. 4( d) ) was i n  
positive p i n g  flow, there w a s  a reversal in  the  direction of flow at 
the nose, similar t o  that found in   the  s ta t ic  tests, which caused a aide 
force to the right. This side  force produced a positive yawing moment 
about the center of  gravity and therefore  negative damping (+Cnr). A t  
the rear of the  fuselage  the sidewaah reinforced the y a w i n g  flow so that  
the  side  force to the  right produced by the  vertical ta i l  was greater 
than  that  obtained from the   ver t ical   ta i l  on the  fuselage with major axis 
vertical. This greater  side  force therefore caused the damping in yaw t o  
be greater than that obtained from the ve r t i ca l   t a i l  on the  fiselage wi th  
major axis  vertical. 
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Flat-Fuselage Model with 45' Sweptback Wing 

Leading-edge flap off.- The results of the tes ts  of the model having 
a f l a t  fuselage w i t h  major axis horizontal and a 4-5' sweptback w l n g  
(mod& 3) are presented in figure 5. The static  directional s m u t t y  
of the model w i t h  vertical tails off increased from a mall negative 
value a t  low angles of attack t o  f a i r ly  high positive values a t  the 
Mgher angles of attack in a manner similar t o  that for the f la t  fuselage 
with major axis horfzontal (model 2). When the  t ip  tails were  added to 
model 3, a  positive increment of directional s tab i l i ty  was obtained  over 
the angle-of-attack range. 

The damping in yaw of the model with ver t ical   ta i ls  off  was slightly 
positive ( -Cnr) st Oa angle .of attack  but  decreased and became negative 
w i t h  increasing angle of attack up t o  an angle of attack of 16O. With a 
further  increase in  angle of attack  the wing increased  mpidly and had 
a large  positive value a t  an angle of  attack of 32O. A camparison of 
these  results  with  those for model 2 (fig. 3) shows the same trend up t o  
89 angle of attack of about 16O- The fact that the damping again became * 

positive  at  higher angles of  attack f o r  model 3 w a s  attributed t o  the 
high drag a t  the wing tfps caused by wing-tip stall. The data of refer- 
ence 6 indicate  that w i n g  drag may contribute an appreciable fncrement 
of yawing  moment  due t o  yawing. This  drag force amarently produced a 
damping moment  which  overcame the  negative damping of the Fuselage and 
resulted  in large values of -Cnr a t  the high  angles of attack. The 
addition of  the  t ip tails t o  the model resulted  in  positive damping over 
the  angle-of-attack range and a stabilizing increment of damping r5p t o  
an angle of attack of 22O- Beyond this  point  the denping of this  con- 
figuration was less than that for the model w i t h  all t a i l s  off. The 
reason f o r  the model having greater damping a t  the higher  angles of 
attack  with  tails  off  than  with  tails on is probably that  the t i p  t a i l s  
reduced the wing-tip drag which w a s  causing  the  high damping with tails 
Off. 

Leadinpedge f lap on.- The addition of a leading-edge flap t o  the 
model reduced the afrection8.l s tab i l i ty  i n  the higher angle-of-attack 
range with t i p  tails either on o r  off. When the model with  leading-edge 
flap on was tested w i t h  a ve r t i ca l   t a i l  on the Fuselage (and t ip   t a i l s  
off), it was found that  the sidewash cawed the vertic% tail t o  be 
directionally  destabilizing at an angle of attack of 32 for low angles 
of YEW. A t  the  higher  angles of yaw, however, W s  tail was par t ia l ly  
out of the sidewash f i e ld  and therefore  acted  in  a more normal maMer 
t o  give a  positive increment of C S W l a r  effects of the sidewash 
f ie ld  on the  center  vertical tail were noted f o r  model 2. 

ns 
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The w i n g  in  yaw of the  modelwitbleading-edge  flap on and t i p  
tails either off or on w a s  greater up t o  an angle of attack of about No 
than that f o r  the model w i t h  leading-edge flap  off. A t  the higher  angles 
of attack, however, the damping w a s  less than that for the model with 
leading-edge flap off and, as i n  the flap-off  case,  the damping w a 8  
p a t e r  with t i p   t a i l s  o f f  than the denping w i t h  t i p   t a i l s  on. The 
reduction in  m i n g   a t  the higher angles of attack-w&- attributed t o  
the effect of the leading-edge flap on the drag characteristics of the 
wing. Preliminary  longitudinal  force t e s t a  indicated that the  addition 
of the leading-edge flap t o  the model decCa6ed -&e drag at  the high - 
angles of attack and therefore  prevented  the  very large inc%&se in  the 
damping of the wing. When the  flap-on coMigura-bion was tested with a 
center   t a i l  alone, a very  large  stabilizing damping increment was 
obtained, and this increment was &out  twice as grea t   a t  low angles of 
y w  as at the  high  angle8 of yaw. This variation w i t h  angle of y w  i n  
the damping produced by the vertical  t a i l  is much greater  than that 
obtained for  model 2. 

. -... . -  ." ". 

(Model 4) 

The results of  tests made t o  determine the  directional  stabil i ty 
and dam@ng in  yaw of  the canard  configuration having a triangular  hori- 
zontal  control  surface and a 45O sweptback  wing  (model 4) are presented 
in  figure 6. The results show that, f o r  the model w i t h  all vertical  
tails off,  the  directional  stability  increased from a negative value st 
low angles of attack t o  a f a i r l y  high positive  value at moderate angles 
of attack  and.then decreased s l ight lywith a further  increase i n  angle 
of attack. The configuration with t i p   t a i l s  on gave posit ive  static 
s tab i l i ty  at low angles of attack, and the  t ip  tai ls   contributed an 
approximately constant  stabilizing increment t o  the  ddrectional  &ability 

I over the  angle-of-attack range. These results  indicated that the vertical  
t a i l s  were out of the strongest  portion of the sidewash f ie ld  as in  the 
case of  model 3. Results of t es t s  made at low angles of yaw with the 
center and t i p  tails. (represented  by symbol in fig. 6 )  shoy less  direc- 
t i o n a l  s tab i l i ty  than with t i p  tails alone, indicating  that  the  center 
t a i l  was in  the sidewash f i e ld  and that it contributed a negative  incre- 
ment t o  the  directional  stabil i ty as i n  the  case of models 2 and 3. No 
tests were made a t  the hi@er angles of yaw for  this model in the  three 
t a i l  configurations  but, on the  basis of  results of models 2 and 3, the 
center   t a i l  would be expected t o  contribute a stabilizing increment Fn 
the higher yaw range. 

The  damping-in-yaw data of  figure 6 show a decrease in damping 8s - 
the angle of attack increased f o r  both the t i p t a i l s -o f f  and.tip-tails-on 
configurations. These results are similar to the results f o r  model 3 
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over the  angle-of-attack range  covered by model 4. Since m o d e l  4 stalled 
at  a much lower angle of  attack than model 3, the   tes ts  were made f o r  a 
lower angle-of-attack range (Oo to 20°) than  that covered with model 3 
(0' to 32'). A t  angles of attack &we 20° the damping f o r  model 4 
should be expected t o  be similar to that for  model, 3 because the w i n g s  
of the two models are identical and because it has been shown that  wing- 
t i p  drag is an important contributing factor to damping in yaw a t  high 
angles of attack  (reference 6 ) .  As i n  the  case of model 3, the addition 
of a tail on the  fuselage of model 4 increased  the damping. There was 
l i t t l e  difference between the damping a t  high and a t  low angles o f  yaw 
f o r  the model in   the t h r e e - h f l  configuration. 

The following conclusions were drawn from the results of the investi- 
ga t ion  to  determine the damping in yaw and static  directional  stabFlity 
of a fuselage model having its major axis either horizontal o r  vertical, a 
flat-fuselage model i n  combination w l t h  a 45' sweptback w i n g ,  and a canard 
model having a triangular horizontal control surface and 45O sweptback 
wing: 

1. A t  high angles of  attack  the  flat-fuselage models with major 
a x i s  horizontal and the canard &del had negative damping and positive 
directional  stabil i ty  with tails off  because of a sidewash over  the 
fuselage which effectively  reversed  the angle of  sideslip. This side- 
wash caused the  directional  stability  contributed  by a vertical  tail on 
the  fuselage to be reduced, but it reinforced  the y a w i n g  flow at  the 
rear of  the fuselage so  that the damping i n  yaw contributed by th i s  
vertical t a i l  was increased. 

2. The d i r ec t iona l  stability o f  t he  flat fuselage with major axis 
vertical  was negative and the damping in yaw w a 8  positive  over  the  angle- 
of-attack r-e. A ver t ica l   t a i l   a t   the   rear  of  this fuselage  contrib- 
uted a stabilizing increment t o  both the s t a t i c   s t ab i l i t y  and damping 
derivatives. 

3. Wing-tip tails located out o f  the sidewash field  generally 
increased  both  the w i n g  in  yaw and the static directional  stabil i ty.  

Langley Aeronautical  Laboratory 
National Adv!.sory Committee f o r  Aeronautics 

Langley A i r  Force Base, Va. 
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DLMENSIONAL CHARACERISTICS OF MODELS USED IN LANGLEX 

Fuselage Model w i t h  Major Cross-Sectional 

Axis Vertical  or Horizontal 

FGelage: 
Over-all length. f t  . . . . . . . . . . . . . . . . . . . . . .  4.00 
Cross section . . . . . . . . . . . . . . . . . . . . . .  E l l i p t i c a l  . . . . . . . . . . . . . . . . . . .  Plan form . . . . . . . . . . . . . . . . . . .  Model 1 NACA 0007 

Model 2 NACA 0014 
Model 1 . . . . . . . . . . . . . . . . .  NACA 0014 

Side . . . . . . . . . . . . . . . .  NACA 0007 
Volume. cubic ft . . . . . . . . . . . . . . . . . . . . . . .  0.271 

Vertical tail: 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.272 

Root chord. ft . . . . . . . . . . . . . . . . . . . . . . .  0.495 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.505 
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.96 

Canard and  Flat-F'uselage Models Having a 45O Sweptback Wing 

span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.73 

(Models 3 and 4) 

Wing: . 

A i r f o i l  section . . . . . . . . . . . . . . . . . . . . . .  NACA 0012 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.33 

Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  3.00 
Incidence.  deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral.  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 

Root chord. ft . . . . . . . . . . . . . . . . . . . . . . . .  1.77 

span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 

M.A.C., ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.383 

Tip tails: . 
Area. sq f t  (2 t a i l s )  . . . . . . . . . . . . . . . . . . . .  0.533 

Root chord. f t  . . . . . . . . . . . . . . . . . . . . . . .  0.562 
spa. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.63 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.49 - *..x -y&.-" 
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TABLE I 

NACA RM ~ 5 0 ~ 3 0 a  

DlMENSIONAL CEARACTERISTICS O F  MODELS USED IN LAzJGI;EY 

FKEE-FLIGHT--  INVESTIGATION - Concluded 

Center t a i l  : 
A r e a ,  sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  0.272 
span, f t  . . . . . . . .  - . . . . .  : . . . . .  .---.---i ." . -. - 0- i" . 0.73 
Root chord, f t  . . . . . . . . . . . . . . . . . . . . . . .  0.493 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  0.505 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.96 

Horizontal control  surface  (canarbmodel (model 4) only): 
Airfoil section . . . . . . . . . . . . . . . . . . . . .  Flat plate  
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  " . .. 0.800 

Sweepback, L.E. . . . . . . . . . . . . . . . . . . . . . . . .  60' 
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 

span, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.36 
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Figure 1.- The stability aystem of axes. Arrows  indicate positive 
directions of moments, forces,  and  control-surface  deflections. 
T h i s  system of axes i s  defined as an orthogonal  system having 
the  origin  at  the center of gravity and in which  the Z-axis is 
in the  plane of symmetry and perpendicular  to  the  relative wind.,: 
the  X-axis  is i n  the  plane of a m t r y  and  perpendicular to the 
Z-axis ,  an3 the Y-axis is perpendicular to the  plane of symmetry. 
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Note: fuselage doto 
&as& on wiw 
shown m doffed 
oufhne. 

- NACA RM LYH30a a 

3.01 t 
nz5 

Ffgure 2.- Models used in the investigation. ( A l l  dimeneiona in inches.) 
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Figme 2.- Continued. 
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Figure 2.- Concluded. 
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Figure 3.- Stat ic  directional s t a k i l i t y  
models 1 and 2. 
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and damping in yaw of 
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Wind 

Figure 4.- Representative flow and forces acting on models 1 and 2 in 
etatic and dynamic condition. 
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(a) Leading-edge f h p  o f f .  (b 1 

Figure 5.- Static directional stability and 

Leading-edge flap on. 

damping in yaw of model 3. 
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